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Nitrogen and hydrogen isotope compositions and solubility in silicate melts in equilibrium with 
reduced (N+H)-bearing fluids at high pressure and temperature: Effects of melt structure
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aBstract

Solubility and solution mechanism(s) of reduced (N+H)- and H-containing N-O-H volatile com-
ponents in Na2O-SiO2 composition melts in equilibrium with NH3+H2+N2 and H2O+H2 fluid and 
H- and N-isotope concentrations in these melts were determined experimentally at 1.5 GPa and 1400 
°C as a function of hydrogen fugacity, fH2, and melt polymerization (composition), NBO/Si (NBO/Si 
= 0.4–1.18). This NBO/Si-range is similar to that between dacite and olivine tholeiite melt (NBO/Si 
~0.4–1). The fH2 was controlled between that of the iron-wüstite + H2O [log fH2(IW) ~3.42 (bar)] and 
that of the magnetite-hematite + H2O [log fH2(MH) ~ –0.91 (bar)] buffer.

The N solubility decreases from 0.98 to 0.28 wt% in the melt NBO/Si-range from 0.4 to 1.18 at 
fH2(IW) and decreases by about 50% between fH2(IW) and fH2(MH). The H solubility at fH2(IW) is 
insensitive to NBO/Si and averages 0.76±0.28 wt% and 0.48±0.07 wt% H in (N+H)-saturated and in 
N-free and H-saturated melts, respectively. The H solubility in the melts decreases by at least ~70% 
between fH2(IW) and fH2(MH). Their N and H isotope ratios are systematic functions of the abundance 
ratio of structurally bound N and H (as NH2

–- and OH–-groups bonded to Si4+) relative to molecular H2, 
N2, and NH3 in the melts. Molecular H2O plays a subordinate role in these melts, the bulk H2O content 
of which is <5 wt%. The NH2

–/NH3 and OH–/H2 abundance ratios vary by ~55 and ~500% between 
NBO/Si = 1.18 and 0.4 relative to the values at NBO/Si = 0.4. In this same NH2

–/NH3 abundance ratio 
range, the δ15N of (N+H)-saturated melts, relative to that of melts with NBO/Si = 0.4, varies by ~2‰, 
whereas the δD varies by ~87‰. In N-free melts, the δD varies by ~12‰. Changing abundance of 
volatiles dissolved in silicate melts in molecular form and as structural complexes that form bonds 
with the silicate melt structure is an important factor that can affect stable isotope fractionation during 
melting and crystallization at high pressure and temperature.
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introduction

Models of formation and evolution of the solid Earth, its oceans, 
and atmosphere rely on understanding the solubility behavior and 
solution mechanisms of C-H-O-N volatiles in melts, fluids, and 
minerals under conditions corresponding to those of the Earth’s 
interior (e.g., Kesson and Holloway 1974; Javoy and Pineau 1983; 
Jambon 1994; Holloway 1998; Tolstikhin and Marty 1998; Deines 
2002; Miyazaki et al. 2004; Cartigny and Ader 2003; Libourel et 
al. 2003; Cartigny 2005). The models often also rely on isotope 
fractionation factors of isotopes of the volatile components among 
melts, fluids, and minerals [see, for example, Deines (2002) and 
Cartigny (2005) for reviews]. Fractionation factors between the 
phases may be governed by the structural state of the components 
in minerals, melts, and fluids (e.g., Urey 1947; Bottinga 1969; 
Poulson and Ohmoto 1990; Deines 2002).

The influence of redox conditions (oxygen or hydrogen 
fugacity) is particularly relevant to characterize the behavior of 
volatiles in the N-O-H system because nitrogen and hydrogen 
can exist in different oxidation states in the fO2-range of planetary 
formation and evolution (e.g., Luth et al. 1987; Libourel et al. 

2003; Roskosz et al. 2006). Experimental nitrogen solubility 
data obtained under controlled redox conditions have been re-
corded for the most part under ambient pressure conditions (e.g., 
Mulfinger 1966; Libourel et al. 2003; Miyazaki et al. 2004). 
High-pressure experiments, which are needed to characterize 
properties of melts, minerals, and N-O-H fluids in the Earth’s 
interior, almost exclusively have been conducted without oxygen 
or hydrogen fugacity as a variable (e.g., Miyazaki et al. 2004; 
Roskosz et al. 2006). A recent high-pressure experimental study 
illustrated how redox conditions can affect nitrogen solubility 
and solution mechanisms (Mysen et al. 2008). 

The solubility behavior and solution mechanisms of reduced 
nitrogen in fluids and melts is linked to that of hydrogen. Infor-
mation on the solubility behavior and solution mechanism of H2 
in silicate melts at high pressure is scarce and, to the knowledge 
of the authors, includes only a study on melting relations of 
silicate (Luth and Boettcher 1986) and Raman spectroscopic 
data of quenched melts in the NaAlSi3O8-H2 system (Luth et 
al. 1987). The latter study suggests interaction between H2 and 
silicate melt structure and significant solubility in silicate melts 
(from liquidus temperature depression calculations).

Moreover, effects of bond energetics, recently shown to be 
important for C-bearing reduced C-O-H volatiles in coexist-* E-mail: bmysen@ciw.edu


